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Abstract. Constantly increasing demand for rare-earth elements contributes to the involvement in the
production of ore processing waste, the content of not extracted REE in which is quite large. One of the types
of such waste is man-made mineral formations from the processing of phosphate uranium ores, which serve
as raw materials for the production of REE concentrate at SARECO LLP. The technology for producing a
concentrate includes the following redistribution: opening of raw materials cleaning of productive solutions from
impurities; obtaining a concentrate on rare earth elements. One of the main disadvantages of this technology
is the coprecipitation of almost 30% REE with ferrous cake when cleaning the most productive solution from
impurities. To extract the rare earth elements ferrous cake is leached with sulphuric acid. The article studies
the process of sorption from both model solutions that are similar in composition to the productive leaching of
ferrous cake and directly from the productive ones, with the aim of further combining the resulting eluates with
solutions supplied to precipitate REE.. Considerable attention has been paid to disrupt by ammonium salts.
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twice with sulphuric acid to further extract REE. The
consequence of combining the obtained solutions
with the productive one after purification from
impurities is an increase in the cost of oxalic acid for

Introduction

In connection with the recently increased demand
for rare-earth elements, one of the urgent problems is

the expansion of the list of raw materials that can be
used as feedstock. The question of the use of waste
production of rare and rare earth elements containing
fairly high concentrations of unrefined REEs is being
considered. One type of such waste is man-made
mineral formations (TMF) from the processing of
phosphate uranium ores, the content of which is the
amount of REE is 5.0%.

Currently, REE concentrate is obtained from this
raw material at SARECO LLP [1]. In the process of
cleaning productive solutions obtained by leaching
the raw material, ferrous cake is formed, with which
a significant amount (up to 30%) of rare-earth
elements co-precipitates. Ferrous cake is leached

precipitating REE concentrate. When combining
these solutions with the original producers - the
material flows entering the filtering increase, which
complicates the already problematic filtering unit. In
this regard, we have studied the method of pre-
concentration of rare-earth elements by sorption from
solutions of leaching of ferrous cake.

Research methodology

The model solutions with La concentration - 0.75
g/dm?® (solution No. 1), model with concentration,
mg/dm® were used as initial solutions: La - 98.2;
Y -89.6; Dy -58.0; Fe** - 101.4 (solution No. 2) And
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leaching yielding ferrous cake of the following
composition, mg/dm® La - 98.2; Ce - 103.1;
Dy -58.0; Er - 27.2; Eu — 3.9; Gd - 65.4; Ho - 13.1;
Lu, 5.1; Nd, 132.1; PR —41.3; Sm - 34.6; Thb - 9.9;
Tm -4.7; Y - 89.6; Yb -26.6; > REE - 712.8;
Fe® - 4.01 g/dm3. When the ferric iron is reduced to the
divalent state, according to the method [2], its
concentration in the productive solution decreases and
amounts to Fe® - 101.4 mg/dm?®,

Sorption of lanthanum from model solutions was
carried out in a static mode with the ratio S: L = 1: 500 for
8 hours, and productive in dynamic conditions in a
25 cm® column at a speed of 50 cm®/ hour. In the
course of the research, Sorbents KU-2-8n, C-100
“Purolite”, Lewatit S1567, MTC-1600 “Purolite”
were used. Rare-earth elements from the resin phase
were eluted with ammonium sulphate and
ammonium nitrate solutions in a static mode at an S:
L ratio = 1: 50.

Methods of analysis

The quantitative content of rare-earth elements
was determined on an atomic emission spectrometer
with an inductively coupled plasma Optima 8300DV.

The results of researches

At the first stage, experiments were carried out
on the sorption extraction of lanthanum (solution No. 1)
From the model solution in order to select an ion
exchange for subsequent studies. The results are
shown in Figure 1, from which it can be seen that
REE is more actively used from ion exchangers used,
for example, lanthanum, absorbs KU-2-8n sulfo
cation exchange. In subsequent studies, sulfonic
cation exchange KU-2-8n was used for the sorption
of REE.
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Figure 1 Lanthanum sorption from model solutions

From literary sources and our own experience it
is known that ferric ions are the most negatively
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affected by the process of sorption of rare earth
elements. Earlier, we studied the behaviour of iron
and its influence on the sorption of REE in binary
systems Ln®" - Fe** [3] with the same concentration
of components. Considering that ferric iron is the main
impurity in productive solutions from leaching of
ferrous cake, we investigated its effect on the REE
sorption from the model solution (solution No. 2), in
which the concentration of rare-earth elements
correlates with the concentration in the productive
ones. The content of ferric iron, as indicated above,
in the model solution is equal to its residual
concentration in the productive solution after
reduction to the bivalent state. The rare-earth
elements in the model solution are represented by
lanthanum, dysprosium and yttrium. Lanthanum and
dysprosium were selected as typical representatives
of the subgroups of light and heavy REE, and yttrium,
as a specific representative of rare-earth metals,
having no f-orbits. Sorption was carried out in static
conditions, according to the method indicated above.
Kinetic sorption curves are presented in Figure 2.
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Figure 2 Sorption of rare-earth elements and iron from
model solutions

As follows from the figure, the degree of sorption
of rare earth elements gradually increases with time
and decreases in the series Y — La — Dy. This
dependence is associated with the magnitude of the
ionic radius of rare-earth elements and their
concentration. Iron during the first hour of the
process is actively sorbed by the cationite, during the
next two hours the speed of the process decreases
sharply  and remains  almost  constant.
Thus, during the sorption of rare-earth elements in
the presence of iron, the latter is actively sorbed at the
beginning of the process, then the rate of sorption of
rare-earth elements, which displace iron, increases.
The process of ion exchange is characteristic not only
for sorption, but also desorption. In the literature,
there is information about the desorption of rare earth
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elements by acids, salts, compounds, forming
complexes with REE [4-7]. Previously, we studied
the desorption process with sulphuric acid; it was
shown that elution of rare-earth elements proceeds
quite effectively with sulphuric acid with a
concentration of 200 g/dm?®. However, ammonium
salts are of particular interest as eluates. In the
literature, this issue gives considerable attention. For
example, there is an ambiguous opinion regarding the
use of ammonium sulphate. In literature [8], data on
the study of the possibility of using (NH.) 2SO, for
desorption of lanthanides are given. It has been
established that extraction of REE from the phase of
cation exchanger KU-2-8n with a solution containing
30 wt. % (NHa) 2SO., under dynamic conditions, is
very effective. The degree of desorption of the sum
of REEs in the described experiments reaches 87.1%.
Other authors [9] indicate the difficulty of elution of
REE with ammonium sulphate. The difficulties are
due to the characteristic feature of the sulphates of
rare-earth  elements to  form  metastable
supersaturated solutions. Equilibrium in such
systems can occur for a long time and is described by
the following equation:

2Ln**+3S04%>Ln; (SO4) 3>Ln (SO4) 7 +LNSO,"

The concentration shift of other ions in the
solution certainly affects the equilibrium shift. For
example, the presence of NH4* ions lowers the
solubility of the resulting REE sulphates. In the
resulting eluates, the source authors of references
[9, 12] observed the formation of precipitates of the
composition Ln, (SOs) 3 ¢ 8H:O. At a high
concentration of eluent, crystallization began already
in the layer of cation exchange, which made the
desorption process difficult.

At this stage, we investigated the possibility of
desorption of rare-earth elements by ammonium salts -
sulphate and nitrate. To study the desorption process, the
KU-2-8N ion exchange was pre-saturated with
lanthanum from model solution No. 1. The content of
lanthanum in the resin was 0.0027 Mol/g.

Further, a series of experiments on the
desorption of lanthanum with ammonium sulphate
solutions of different concentrations (g/dm3: 100,
200, 250, 300, 400) was carried out. Elution was
carried out in a static mode, with a ratio of S:
L = 1:50, room temperature and contact time of 120
minutes.

The obtained solutions after desorption were
very unstable. The formation of fine crystalline
precipitation was observed. An unequivocal
conclusion was made about the unacceptability of
using ammonium sulphate as eluent of rare-earth
elements. Ammonium nitrate desorption was studied
under conditions similar to ammonium sulphate.
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Figure 3 shows the dependence of the degree of
elution of lanthanum on the concentration of
ammonium nitrate.
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Figure 3 Dependence of changes in the degree of elution
of lanthanum on the concentration of ammonium nitrate

From the figure it follows that the value of the
degree of elution of lanthanum increases sharply with
an eluent concentration of 300 g/dm? and then varies
slightly, desorption with ammonium nitrate is
advisable to keep the solution with a concentration of
300 g/dm?®. Further, in the course of research, the
dependence of the degree of elution of REE, using
lanthanum, as an example, from the cation exchange
KU-2-8-n solution of ammonium nitrate with a
concentration of 300 g/dm? on the phase contact time
was studied. The results are presented in Figure 4.
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Figure 4 Change in the degree of elution of lanthanum
from the phase of cation exchanger KU-2-8-n in time

Thus, from the conducted studies and the
obtained results, it follows that the REE sulfonic
cation exchange KU-2-8n absorbs most effectively
from the tested ion exchangers. It is advisable to
conduct the elution from the sulfocationite phase
with a solution of ammonium nitrate with a
concentration of 300 g/dm®. The sorption rate of
individual REEs depends on both their ionic radius
and concentration.
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Conclusions

In order to determine the prospects of sorption  of the process (it can give figures from and to), then the
concentration of rare-earth elements from solutions from rate of sorption of REE, which disp|ace iron’ increases.

leaching of ferrous cake, in the first stage, the ion
exchange was chosen for REE sorption. The study of the Acknowledgment
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KyKipT KbIIIKBLIABI epiTiHaiIepaeH, CHPeK Ke3/1eCeTiH 3JIeMeHTTepai copounsiMeH
KOHIIEHTPpJ1ey

Kensxamues b. K., Cypkosa T.IO., EcimoBa /I.M.

Tyitingeme. Cupex Ke3/leceTiH AJIEMEHTTED CYPaHBICHIHBIH KYHHEH-KYHT€ OCyl, KeH KaJIIBIKTapblH Kaiita eHuey
eHJIipiciHe MyMKiHJIK Oepesi, nemek 6eninoeren CKD ynectepi aHarypibiM skorapbl. OCbIHIaN KaJIBIKTapIbIH OipiHe,
¢docoarTel ypaH KeHIEpiH Kaiita eHJereHie maija OoslaTbIH TexHOreHAi MuHepanbibl Ty3utimaep (TMT), srHu
Oacrankpl mmkizat peringe «SARECO» TOO-re1 CKD KoOHIEHTpaThIH aiy karajgsl. KOHIEHTpaT —ayablH
TEXHOJIOTHSACHI, KeJeciiel: 0acTamkhl IMNUKI3aTTHl ally; OHIMII epiTIHAIIepal KipMeIepAeH Tazanay, CHPEKKe3IeCeTiH
ANEMEHTTEP/IIH KOHIICHTPAIUACHH alny OeriMIepiHeH TYpambl. Byl TeXHOJOTHSHBIH HETI3Ti KeMIIUTIKTepiHiH Oipi,
KipMenepJeH eHIMJI epiTiHIiHI TazapTKaH Ke3xe Temipii kekmeH Oipre 30 % Oipre merineni. Cupek KesaeceTiH
ANIEeMEHTTEepII KalTagan OeJin ajFaH jkarmaiiia, TeMipili KeKTi KyKipT KBIIIKBUIBIMEH InaiimManaiinel. Makamamga, CKD
KOHI[CHTPAThIH TYH/IBIPYFa KOHENTETIH, opi apblKapan eplemMeH Gipre DITIOATTAP/IBI ATy MaKCAThIH/IA, TeMipJli KeKTi
nIaiiMasaraHiarbl ©HIMHIH KypaMblHa JKaKblH MOJEJbJI epITIHAIMEH JKOHE Tikesledl OHIMHIH COpOLMSUIBIK Ypaici
3epTreningi. decopOuusana, aMMOHUI Ty3/1apbIHa aca KeHiI OemiHIi.

TyidiHzi ce3mep: CHpeK Ke3IeCeTiH AIeMEHTTep, TEXHOreH Il Murepaip! Ty3utiMaep (TMT), Temipiti kek, copOIwst, 1eCOPOIHSL

KonuenTpupoBanne peako3eMeJbHBIX 3JIEMEHTOB COPOIMEH U3 CEPHOKHMCIIBIX PACTBOPOB
Kenzkanues B. K., Cypkxosa T.1O., Ecumosa /.M.

AnHotanus. [10CTOSHHO YBEIMYMBAIOIIUICS CIPOC HAa PEIKO3CMENBHBIC IJIEMEHTHI CIOCOOCTBYET BOBJICUCHHIO B
MIPOM3BOJICTBO OTXOJIOB IEPEPabOTKU Py, COAEPKaHUE HEe M3BJICUEHHBIX P30 B KOTOPBIX 10CcTaTOYHO BesMKO. OHUM
U3 BUJIOB TAKHX OTXOJIOB SIBIIIIOTCSI TEXHOT'CHHBIC MUHEPAIBHBIC 00pa30BaHUs OT HepepadoTKh GochaTHBIX ypaHOBBIX
PYI, KOTOPBIE CIIy)KaT HCXOIHBIM CBIpheM s monrydeHus koHmeHTpata P30 Ha TOO «SARECOy». Texmonorus
MOJYYCHHsI KOHICHTPATa BKIIFOYAET CICIYIONIUE TEpPEAeNbl: BCKPBHITHE HCXOIHOTO CBHIPhS; OYUCTKA IPOTYKTUBHBIX
PacTBOPOB OT IpUMECEH; MOIYYCHHUE KOHIICHTPATa PEIKO3EMEIbHBIX IeMeHTOB. OTHIM H3 OCHOBHBIX HEIOCTATKOB
JTAHHOM TEXHOJIOTHH sBigeTcs coocaxaeHue modtu 30% P33 c kene3ucTsIM KEKOM MPH OYHCTKE MPOJYKTHBHOTO
pactBopa ot npumecei. st JOM3BIICUSHHS PEAKO3EMENbHBIX JIEMEHTOB JKEJIE3UCThIil KEK BBIIIEIAYHBAIOT

CcepHOM KHCIIOTOH. B cTarbe wu3ydeH mporecc copOIMM Kak M3 MOJEIbHBIX PACTBOPOB, OJIU3KHX IO COCTaBY
NPOJYKTUBHBIM OT BBIIIEIAYMBAHUS JKEJE3UCTOTO KeKa TaK M HEMOCPEJCTBEHHO M3 INPOAYKTHBHBIX, C IEJIbIO
JIANTbHEHIIEr0 00beANHEeHHSI MOIY4aeMbIX AJII0ATOB C pacTBOpaMH, MOCTYIAIOIIMME Ha OCaxJeHHue KoHueHTpara P3D.
VY aeneHo 3HAUNTENHPHOE BHUMAHKE JECOPOIIMH COJIIMA aMMOHHS.

KiroueBble ci10Ba: peaKo3eMeNbHBIC JIEMEHTHI, TEXHOTEHHBIE MUHepanbHble 00pa3oBanus (TMO), jxene3ucThIil KekK,
copOuws, necopOumsi.
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